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Abstract 

The sulfur content of liquid cracking products of the catalytic cracking process is 
reduced by the use of a sulfur reduction catalyst composition comprising a porous 

5 molecular sieve which contains a metal in an oxidation state above zero within the 
interior of the pore structure of the sieve as well as a rare earth component which 
enhances the cracking activity of the cracking catalyst The molecular sieve is 
normally a faujasite such as USY. The primary sulfur reduction component is 
normally a metal of Period 4 of the Periodic Table, preferably vanadium. The 

10 preferred rare earth metal is cerium. The sulfur reduction catalyst may be used in the 
form of a separate particle additive or as a component of an integrated cracking/sulfur 
reduction catalyst. 
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flgftftl) L , Cfc+V/USY fllKI0N£MJ3£ft H-MUSY m«^-oH-MUSY 
fi^jm=^^«6»Slia<jS 0.75 H-S%Ce ^fi. c©ojsy 

&H*mvs^^wmmmmmmmmMi 0.5 m%v. 

^ Ce^V/USY fi^J^^^^^o^fi.m^ 0.72 SS%Ce *P 0.52 

ttf^MM , Ce+V/USY i&m&)k±ftS& MS USY mtt^RlfflHlECtt;^ 
MiK&SI a ftfi 3 Mfi%Ce W) Ce/USY «(fc«R9efi*l 

^«U«J3,iUl?«^VMIffmtftiia(KlA 0.5 ft%v. ttttttM 

CeW/USY m^M-^^n^^- M» 1-5 Mfi%Cfe IP 0.53 £ 

i%v. 

mmm®mm& 1.5 m*%ce omrm*. mm cc/usy {Kt&ra&g 

^^^^,iij±^^ffl^«l^«^JiB<JM 0.5 ms%v» M 

Cef V/USY «MfcJRB*^^^+«BB. J&&{£4&FJ# 1.5 fiS%Ce *P 0.53 S 

a%Vc 

^,3^i^J«ttJ^a^l&4'^ 770-C(1420T)T^ 50%Htt*I 

50%n^^ fcc ^Wii^iAim 20 <W. nm^n. 
M*? 1 0.05% Co ^^3iA^^m)wm^jfl<jw^^^* 

4o 
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3& 4 

V 3* Ce+V ySY/jjggjggj&Hm 4)ftflW$m 





V/USY 


Ce+V/USY 


Ce+V/USY 


Ce+V/USY 






















m £1% 


0.53 


0.52 


0.53 


0.53 


^ i3$£ £1% 


NA 


0.72 


1.5 


1.5 


ppm 


890 


1190 


1190 


1260 


wsmm 










(CPS770*C, 20'J>B<j) 












237 


216 


208 


204 




2425 


2423 


2425 


2425 



gratis 



<mmm. 5 4o%usy> 3w<mmmffl 30%*tt 

^w-^^w^^s^iN-m. &*&hjh-m usy yfctom&asGt&i 

±ltttfc#J3j 5.4 WMIUW* 2.435 nm. WRWGMICMtE&VFf' 540'C 
OOOOT)T«B83<Nlsr- 

mitM O, Ce/USY fllffldNft^±Sti H-MUSY ffiitiHffel*-. MLUSY 

m^jm^T^ffl^m^cceCN^^^g^a 1.5 ms%ce D nmm 

Ce/USY «(WWffien W 540'C(1000T)T^ 3 <Ntf. 

flMfc*9P. QH-v/usYiMWJom. Ce^rsY m^Jiiil^ 

^MHttffiSC^lfiMI 0.5 Sfi%Vc ?g»tffj Ce+V/USY #fc?FJ«E 
gH'W 540lC(1000T)T«fifi 3 <W. J&AfllfttlfiJg' 1.4 tt%Ce *H 0.49 £ 
4%Vo 

Q , Ce+V/USY WJimilMjjE pH » A 3 9tt£&3tl 

Bitt* o.5 sg%v ttftftreiH*. ce+v/usY mvcwmfe, *B5£ 

540°C(1000T)T fflgt 3 /|Mtf. J&M&ft$f$ 0.9 SS%Ce ft 0.47 

%v. ^gfi^jfi^S!im&^*5. 
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3fe 5 





Ce/USY 


CefV/USY 


CefV/USY 






m^jp 






NA 


0.49 


0.47 


ce^s mm% 


1.6 


1.4 


0.9 








940 


» mV 


284 


281 


272 






10 


14 


i?M&X\KUCS) nm 


2.435 


2.436 


2.436 



%mm 6 

R, RE+V/USY m^J^'Jffi^-%m±fi<Jltm 5.5 *WMSJW 

*j 2.465nmNaY*»g-o Y^mmwmmmmmm^'f^w^M 
m#&> ce 3+ 3ia«^^*o <g^m&*&&'>&3m. re- 

Y^^ia^Jfe^T^^,^^n^T^ 705^(1300T)T^ 2 * 

mi#& 22 mm%mmft 28 nm%nt$±o w^mamoL 
wmmm&mm&T^®=mjs, & 54o-c(iooo°f)t^ 1 <hw. 
^^.re/usy tt^mwrai *. mwHwmmwitt&tt 

6„ 
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^6 

re+v usY/mmm^Mmamm 





RE+V/USY 








0.43 


REAfa$fiwt% 


1.93 


Ce0 2 ^#Swt% 


0.21 


Na20^*wt% 


0.16 




345 


WW A 


24.58 



m#M s,ce+v/usv miW)m*)mmG^m±M\&w%i 5.5 m&MR-*% 

2.454Dm WNaUSY^m o VSY^mmmmffiB&£^®M?^° 

mfatmTtak&i usy^^^s^^^ <.®m ^ Nd> Gd 
^) m^\mmm^mm±^^ c^^mo ce usy webst 
m^mis, ttmKtf&r? 705-c(i3ooT)T^ 2 'M. mw&m& 

^/3te±^4"^50 SS%Ce-USY ^^^TK^N-eKj^^^'J^o 

22 ms%mmm 28 M%m± 0 ^^m^JW^^^M: 

^^^Ji^^fO^F^. £540'C(1(K»T)-Rg#gl ^h^o^g^^CeAJSY 
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* 7 





Ce+V/USY 

mays 


vidfS wt% 


0.44 


REA^fS wt% 


2.66 


CeC^^fi wt% 


2.42 


NaP wt% 


020 




345 


UCS nm 


2.446 



mmm 1-7 ^m^am fcc ^tg^^mia^^wj 8-i5„ m& 

ASTM^feD-3907 ^&«J ASTM^g^CMAT)^, ^^K^(VGO) 

Mo mmm*¥ffiw%&}=ft vgo ^^-^r^m^j^iq^^^ 

(CFHT) mmi&^f^&o 
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VGONo. 


VGONo. 


VGONo. 


CFHT 




1 


2 


3 




api tfcfi 


26.6 


22.5 


24.2 


23.6 




83 


73 


187 


164 


CCR,M% 


0.23 


025 


0.6 


0.09 




1.05 


2.59 


1.37 


0.071 


HI ppm 


600 


860 


900 


1200 


$<l>t ppm 


310 


340 


290 


380 


Ni, ppm 


0.32 


- 


02 


02 


V, ppm 


0.68 


- 


0.1 


0.2 


Fe, ppm 


9.15 




0 


0.3 


Cu ppm 


0.05 




0 


0 


Na ppm 


2.93 


m 


0.6 


12 


mmwc 










IBP 


181 


217 


192 


172 




380 


402 


430 


373 


99.5 ss% 


610 


553 


556 


547 



C 5 + 52— 220'C (125^30T) 
JgLCO 220— 310°C (430-590T) 
SrLCO 310— 370°C (590-700T) 
igtimtii (LFO) 220-370*0 (430-700T) 
J|»4#l (HFO) 370"C (700°F)c 
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WO (cut-gasoline S). 

LFO/LCO iTO LCO AS LCO) ft HFO. jftJfflBeSW J & WlOQm 
DB-Petro GC *P#?0ff 355B mm&%MfrffiLCO ttAffttt.m GC 

aft bshwwi xps «muuai(dJHfMHf lco ^^#eu^So 

ia±Wti 4 Mmftl^l^tW, ^ 770*C(1420T), 

aw 20 /jNBtc 25 ns%mm&m*mmimm*& fcc 

am (120ppmV^J60ppmNi) 

VGO No.l 

°Cm^220X: (430T) tmtM&fflfrZl 65%. 
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m 9 

*& i mimmmikmmm vgon 0 .i 







+25% 


+25% 


+25% 


+25% 


+25% 






V/USY 


V/USY 


RE+V/ 


RE+V/ 


RE+V/ 










USY 


USY 


USY 














MAT f^!J 
















65 


65 


65 


65 


65 


65 




3.0 


3.3 


3.3 


2.9 


3.0 


2.9 


















0.03 


+0.05 


+0.05 


+0.04 


+0.02 


+0.04 


q+c^ wt% 


1.1 


+0.1 


+0.1 


+0 


+0.1 


+0 




4.3 


+0.1 


+0.1 


-0.1 


+0 


-0.2 


wt% 


3.7 


+0.1 


+0.1 


+0 


+0 


-0.1 


& wt% 


9.3 


+0.1 


+02 


-0.1 


+0 


-0.3 




4.7 


+0.3 


+0.4 


40.4 


+0.1 


+0 


CTKt* wt% 


47.6 


-0.6 


-0.4 


+0.4 


+0 


+0.5 


LFO wt% 


29.6 


+0 


+0.2 


+0 


+0.1 


+0 


HFO wt% 


5.4 


+0 


-0.2 


+0 


-0.1 


+0 


wt% 


2.4 


+0.3 


+0.0 


-0.2 


-0.1 


-0.1 


ftW^Sppm 


61S 


377 


366 


369 


382 


352 






39.0 


40.8 


40.4 


38.3 


43.1 



3t 9 *m\kimm&\&m> %>%m w/&mvc& a/mwm^j 3.3/3.0, 

gp*£tePW 10%) ffifeM v/usY mitm^fflkMtofe&&$MT ioo%¥ 



5 mm4kMmmmmmmmteitoft>- v/usy mimmmmm^ 
^mmmmmmm* umzt, mm re+v/usy mmi 65% 
mm, mcnmm\mm^^ ^mtmrnm^mm* re+v/usy 
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mam v/usy mMBmrnmam. 

«WJfi^^^, ^iPV/USY mfclftRE+V/USY Bit 

ittbn. c 4 -^ ft**, ttttn v/usy {« 

»REW/USYi«I±^Tm«S. SflWfc*! A«BCV/USY 

#teflWfc*I)«H^HH»W 25%^ fcc ^QmikftM&W, ftMffi$mffl& 39.0% 

#U0.8%o S25%M RE/USY «Ht*J CfftfHMCfllD) m^¥MlffcMBt> -5 

re+v/usy ftffcmi cmtm e) ^s^^awkpm 43.1%, imttAmttw- 

iPMHKT 4%, BP^E V/USY jfltfg-gr RE/USY 6<jg«lB_hlttT 10%. ^Ptlt 
^-^-pIlta<J^Jd« (0.36-0.39%)c 

im^^mm, mtm±jmm^r v/usy wi^ttsttgtt. ma* 
t, oh-v/usy m^yroM^£BT^fl«im^ w jM«jSfti«7»i* 

**2«Wtt RE/USY fgfltfPJ&W& V/USY flttMHM 
±itiP^fg^^fi<]^i4, RE/USY «4WWP«ttT V/USY flKftdN 

SR RE/USY «ft0[!| 6Un«u*o 
«&#J9 

a»lto 2 ft V # RE/VUSY fllfM C«L2flWaW. «tt*JF, G> H) £770 

°c (H20T) w^Qif^n^mm. \umfcffltM&&. 
mKB&m+, ^50%^W5o%^, mtim*x%23, 5.3. 10. 20 
m 30 4*itfa£$saim 4 j^iwiBAsKa^flK^- a 2 *&*d(ti:m 

fdffi astm mmmssk castm D-3907) *h*£T£#t?* N0.2 (-2.6 

545-C (980T ) mMBTF, fcHfcflWI^flllfc* 4: 1 H* . »£ 220 

•c (430T) mm &@ 3 ^^ijtBT^n^^rei^tt^^ 

^2*mQB9tiMRMEti. V/USY^tt^PJ^IRE+V/USYm^^. 
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ma, ® 3 m^mit^mmmmm re+v/usy aikhmk 

V/USY fllfklM RE+V «tt,«^SWfc^6W^ 15%»{fc*. ^MI^ 
Sift RE l^ra&WBJMltt^J. 8 »-» «£JtiM 8 * 

^^iGM^tttt. RE+V/USY^^ V/USY m^Ji^lTgWmfei 

¥0 RE+v/usy 4MKfcMtb v/usy Bitm^MMmU 

#7«M»A»ffciStt. a»±*ffiraA. usy jfcs, ^^iSil^g^l^ 

$ifcffl 10 

3 ft V ft Ce+V USY flttftM (flKfcffll K J) 50%|gmn 50%^ 
^mttfl^^W 770 'C (1420T), &±i«ife#l 4 #ri£6U;fr$£, £ 

#jmflJ-%ffc£Ji W FCC f^WJ (120ppmVft60ppmM) j&B, 
m&MWfr&ffl VGO No.l ffiH, m&lM±Jffi£ify MAT iMfiT-ff. 

VGO No.l Ig*4ft&3 10, *£* 10 4». ^p°p 

Hm220"C (430T) 4W*fi«I^tt*^70%. 
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^ 10 









+25%V/USY 


+25%Ce+V 










/usy mm 






















mm m 


1% 


70 


70 


70 






3.3 


3.8 


3.7 








mnQ^m 


s 




0.03 


40.04 


+0.13 


Q+C,^ J 


ta% 


1.4 


+0.1 


+0.1 


^ C3 3 




5.4 


+0.1 


-0.1 






4.5 


+0.1 


-0.1 


j& C4 ^1 2 




10.9 


+0.2 


-0.2 


or/** a 




5.2 


+0.4 


+02 






4.8 


•0.2 


-0.4 


C 5 + K^ S: 


1% 


48.9 


-0.3 


-0.3 


LFO 2 




24.6 


+0.5 


+0.3 


HFO 1 


m% 


4.7 


-0.2 


-0.1 


<m 1 




2.7 


+0 


+0.5 




529 


378 


235 




S£ 


29 


56 



^ 10 \mi V/USY f#fcftpfn Ce+V/USY/^^-5H±-^±{i4t^J&«} i §— It 
% FCC TOffllfl^W FCC 

m&o 5¥mmiwmm*tftwtefr> mm v/usy miwm ce+v/usY «4t 
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v/usy muam ce+v/usv wmmmismT^ffitm- ^ 25%mmt 

Mi (VAJSY#fcfcfllft*U) ^ fcc T&mikMM'ttft, »«»fft 

T 29%o bfc$5£fc. Ce*-VAJSY «ft*I (flfeffclfUJ) im$l«*fcK|SH£T 56% 9 
3S«PA V/USY fiWJ^^h^Tn^^JIW 27%, BP^E V/USY #fct$£ 
tt*tt±«T 93%. ^M#fS4t^iRrH:#l^fi (0.39%tt 0.43%V)o 

mmm 11 

m^Mam*. 4®vm ce+v & 4 

*&^ffc&JR (120ppmV*Q60ppmNi) ftFCX: ¥»f&PJW 25: 75 ftMS 

bbM^^'jffi vgono.1 m*m$r&iiko *m&u&me& n. 
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m n 





zfffl&ttfr] +25%V/USY +25%Ce+V/USY +25%Ce+VAJSY 






mmio 


({HH3PJM) 


CflBtfTON) 














65 


65 


65 


65 


mmm 


3.0 


3.4 


32 


33 














0.03 


-K).Q2 


40.02 


40.02 




1.1 


40 


40 


40.1 




4.4 


-0.1 


-0.1 


40 




3.7 


-K) 


-0.1 


40 




9.5 


■0.1 


■02 


-0.1 




4.8 


+0.1 


40.1 


40.1 




4.1 


-02 


-03 


-0.1 




47.4 


40.1 


40.5 


40.1 


LFO M% 


29.7 


-02 


40 


-0.1 


HFO 


5.3 


402 


40 


40.1 




23 


40.1 


-0.1 


40 




515 


489 


426 


426 






52 


17.4 


17.4 



m. 11 ttttfcT V/USY flBfcJBJfH C^V/USYmmmMMitft&^M. 

Am^mm^^Bmccmk^ ^mmmmm^mt , v/usy 

m oh-v/usy m»&ww^Mt4T«m. c 4 - 
n*tu o.2%o v/usy *n 

CefV/USY m^J^^Q^l^jgJSife^TK?ft^fi<J^JSo 25%6<jm^J K 
(V/USY-#btm^J) ^FCC¥tM»Bt. n^^^JS^T 5.2%o 



30 



mupAv /us Yfi4M^*^emfi P^s i2.3%,sp^ v/usy #ttm 

*J2JbJW7 237%. 
M&fll 12 

^mrmm 4 w v m c^v 

<$T^/3-^fcfeJS (120 ppm V *Q 60 ppm M) ft FCC ¥|gfllKfcJfiH£ 

25: 75 m&&M&o m vgono.1 mmrn^^^^ 12. 
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* 12 





¥364&ttfrJ +25%V/USY +25%Ce4-V/USY 


+25%OfV/USY 












MAT/ £, W : ¥ 












70 


70 


70 


70 




2.8 

• 


3.7 


3.6 


3.4 














0.03 


+0.12 


+0.13 


+0.12 




1.5 


+0.2 


. +0.2 


+0.1 




5.5 


+0.1 


+0 


-0.1 




4.7 


+0 


+0 


-0.1 


&C 4 fifi% 


11.1 


+0 


+0 


-0.2 




5.8 


+0.1 


+0.1 


+0 




4.6 


-0.1 


-0.2 


-02 




49.4 


-1.0 


-0.9 


-0.5 


UFO £fi% 


25.6 


-0.1 


+0 


+02 


HFO m*% 


4.4 


+0.1 


+0 


-0.2 




23 


+0.6 


+0.5 


+0.5 




579 


283 


243 


224 




mm 


51.1 


58.1 


613 



* 12 mosct v/usy *n Q^viu^Yfmmmmm^^mnm^m^^ 
mmfe&i fcc mz, ^mmmtm^mmt, mm v/usy m ce+v/usY 

JMiJf?*^*. v/usy ^(>+v/usYfi^J^JIJt^TJ^W^>So 

^25S*%Wffi^JK (V/USY JttMRttdH) ^FCCftiM^ H 



n»^fiW»^HWPMaiT 58.1%3fP613%. *C»pA V/USY mftJWC*» 
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WO^WHHfcT 7.o-io2%,ap&#tfc v/usy MimZJMftT 20%. 

V/USY mam Ce+V/USY ftfl^m^Wlftfi. TWWfl^Wl 

mk^^mmm\3SY mmmm^o v/usy c^- v/usy m 
mmj^j^mmmm^mm^^^mLit.^^^^mmj v/usy 

&&wam+, &mT%mm 5 m ce m c^v m^±M6<j^^ 

#ifitA^WS(^^)^6«J^ . ^J^m#Mft£Ji (120ppmV 
SI 60 ppm NO ift FCC ¥&m?PJ& 25: 75 SSbfc^o TfHJJl VGO No.l fa 
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m 13 





sffifettM +25%V/USY 


+25%Ce+-V/USY 


425%Ce4V/USY 










<*ttfljQ> 














70 


70 


70 


70 




3.2 


3.4 


3.7 


3.9 






















x *2 / | ,t,^J * — ^ V 


0.04 


+0 


40.07 


+0.07 




1.5 


40.1 


40.1 


40.1 




5.7 


+0.1 


-0.1 


+0 




4.8 


+0 


+0 


40 




11.5 


40 


-0.3 


-0.1 




5.7 


40 


40.1 


40.1 




4.9 


40 


-0.3 


-0.2 


c 5 +n#i MS% 


48.8 


-0.2 


-0.2 


•0.7 


LFO 


25.5 


40 


40.1 


40.1 


hfo sa% 


! 4.5 


40 


-0.1 




^ «*% 


24 


40 


+0.3 


40.6 




486 


487 


341 


351 




mm 


0 


29.8 


27.7 



^(^3dE^)^W FCC gift. W^ffi^Wilt^tfc^ Ce/USY «Ktffil 

WP Ce+V/USY IMMTM 

giflpfaiu »ieRlllWJ 4B *. *$bP Ce/USY m«We^^^^JS.- It 

Ce+V/USY fg^J (*«»flMWfc*IP»Q> ntt+flWBHWWST 
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29.Z%mm 27.754*. &3ttJMHS> f»£&w^mm^*aift^o 
«M*JtiK v/usy I^Ji^MltWffl . 

£lfc#Jl4 

mW&^^T&ggi (Davison Circulating Riser) TO" j&ftjFCC 

shmik&h. *jfflvGONoL3 jw* c*8) wwi^jRo ^Eim^nr. RE+V 

USY MfcfttflM 50°/^mP 50%^*& 77CC (1420T ) ilA^i^ 20 /> 

w. 25 fcc wvmmim (530 ppm v 

#1330 ppm NO MS* 

WVWm FCC ttf&BJ££3c 14, ^Wi^ffil^fe®^^ 
*, ^*»220"C (430T) W^4W^75aS%o 



^ 14 
Iffi+VAJSY/^BSSfilft^J 







+25%RE+V/USY 




mm 


CflfftMR) 
















75 


75 




7.0 


6.7 










0.03 


+0.01 




6.5 


-0.1 


>^s!» C4 £3% 


12.1 


-0.1 


C 5 + m& M% 


49.4 


-0.1 


LFO Sfi% 


18.3 


-0.1 


HFO MM% 


6.7 


40.1 


mm sa% 


4.1 


40.3 


^WWSit, ppm 


735 


589 


lco m »% 


2.36 


2.16 


% 


mm 


20 


LCO «5WH& % 




9 



Hwmis wmucmiM 25 re4-v/usy mit^m^mrm^^m^. 



nmmi®f zz !mm&o mm re+v/usy mit^mm±j»^rm\mm 
&. m>*mmvm.m&T 2o% e mmrnmm, am lco 

«E3ft 15 4 *^tfiT LCO 5f^, LCO m&^^®ft=~$#m 



m 15 

VGO No3jjMBj.WLCO^WittBI3 



LCO H%i 




+25%RE+V/USY 






ritual n 




0.04 


0.04 




0.22 


0.24 




0.39 


0.38 




0.47 


0.38 




0.10 


0.09 


C r ^#®# 


0.36 


0.32 




0.39 


0.35 




024 


0.22 




0.16 


0.14 


it 


2.36 


2.16 
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c^viusYfmmm^mm fcc m®m 

%mAl C{#fcftJS) &5 Of V/USY FCC i WJffl 1 8 

m^umsmm¥ccm^ (cfhtdim^) ^^Fcu-nf^o^ git^ 
fcc ^ffimtefrffimm&msm. aoo ppm v *o 130 ppm no., mm—^ 15 
^ tf^fitj fcc mam$3nm 1 w oh-v/usy m^jfiti 50/50 ttfltettm 

#^1.4%miRm^*PAFCC#^o M»15^aW40^, §rl¥lftFCC<£ 
iWm CeH-V/USY tft4fc#J#J 85/15 fl$B£4ftll»Jl*^ 1.4%f»tttfRJ£jfttaA FCC 
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&&wmmm> n±miw%m&m ios-c cdoo-fx &mm 
wmmm CECat) ^ce+v/usY^iq^iitr, wm-^w& cmm 
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